A new technique of osteotomy distraction osteogenesis (ODO) and sutural distraction osteogenesis (SDO) by the use of bone-borne traction hooks is presented. The technique of osteotomy plus distraction osteogenesis is suitable for adult patients. The technique of sutural distraction osteogenesis is suitable for young patients, ages 6 through 12 years. The distraction system consists of a face-bow, orthodontic elastics, and bone-borne traction hooks. The bone-borne traction hooks are made of titanium, with two traction hooks running laterally or downwardly. When a Le Fort III osteotomy is needed, bone-borne traction hooks are inserted through the nostrils into a bone hole drilled at the lateralinferior pyriform aperture. When no osteotomy is needed, only the bone-borne traction hooks are placed. Heavy elastics were used in the technique of osteotomy distraction osteogenesis for Le Fort III osteotomy adult patients, whereas light forces and thus light elastics were used for younger patients. Three adult patients and four children were treated by osteotomy distraction and sutural distraction, respectively. All seven patients with midfacial hypoplasia established a harmonious facial profile and normal occlusal relationships. Radiographic examination showed balanced advancement of the midfacial skeleton. It is suggested that the treatment of midfacial hypoplasia in children by the technique of sutural distraction osteogenesis is to be preferred because of its simplicity and relative noninvasiveness. Thus, the authors suggest that midfacial hypoplasia should be treated at a younger age by this technique, potentially eliminating the need for a Le Fort III osteotomy at an older age.
M idfacial hypoplasia is a common deforfmity in craniofacial surgery. In severe cases, complications such as bleeding, instability, and high rates of relapse may occur after traditional orthognathic advancement. In addition, scar restriction and the inability to adequately advance the maxilla may be seen in the patient with a severe cleft deformity. 1, 2 Distraction osteogenesis provides an easier, safer, and more efficacious method for correction of severe midfacial hypoplasia.
In 1974, Calabrese et al 3 reported an experimental study on altering the dimensions of the canine face by the induction of new bone formation. This probably was the first report about midfacial osteotomy distraction osteogenesis (ODO). This technique was confirmed by Rachmiel et al 4 in 1993 and soon followed by clinical applications. [5] [6] [7] [8] [9] Currently, there are three kinds of techniques of maxillary and midfacial osteotomy distraction: (1) internal distraction techniques, 5, 7, 8 (2) technique of tooth-borne face mask protraction, 7, 9 and (3) technique of tooth-borne rigid external distraction. 6 In 1995, Staffenberg et al 10 reported experimental protraction of midfacial skeleton without osteotomy (ie, the technique of sutural distraction osteogenesis [SDO] ).
Since 1998, seven adult and pediatric patients with severe midfacial hypoplasia have been treated at the 301 Hospital, Beijing, China, through ODO and SDO without osteotomy by using bone-borne traction hooks secured in medium location of the midface skeleton through the nostrils and a face bow.
PATIENTS AND METHODS
Preoperative Evaluation P atients with midface hypoplasia were evaluated with a comprehensive clinical examination, dental study models, and cephalometric analysis. Cephalometric records were obtained before surgery, at the completion of distraction, and at 6-month intervals. Speech was evaluated before and after treatment by a language pathologist.
The treatment process was explained to patients and family before surgery, including the osteotomies, if needed, the application of the distraction system, and the time needed for distraction and retention. It is important that the patient and parents understand thoroughly the treatment protocol.
The clinical data of the seven patients are listed in Table 1 .
Distraction System
The distraction system consists of bone-borne distraction hooks (BBDH), a face bow, and orthodontic elastics. The original BBDH was made of a thick stainless steel wire and successfully used in a patient after a Le Fort III osteotomy. After that, a refined BBDH was designed. It was made of pure titanium, with two traction hooks coursing laterally (used in cleft patients) or downwardly (used in noncleft patients) with a screw cap at the end of each hook for fixing the hook in location. The two hooks were connected by a transverse bar. From the transverse bar, protrude two longitudinal and parallel rods to join the hooks (Fig 1) .
Treatment Procedure
There are two techniques for correction of midfacial hypoplasia that vary according to the patient's age. These are (1) the technique of ODO and (2) the technique of SDO. ODO is suitable for patients older than 12 years of age, whereas SDO is reserved for patients 6 to 12 years of age. The distraction system is the same in the two patient populations.
Osteotomy Distraction Osteogenesis
Osteotomy and distraction preparation.
A Le Fort III osteotomy was performed in all three adult patients. A preoperative two-dimensional computed tomography (CT) scan in the coronal plane was obtained to determine the location of the cribriform plate and to avoid damage to the brain in patients with a low lying cribriform. Exposure of the midface and orbits was obtained through a standard coronal incision and a transpalpebral incision. At the temporal region, the superficial layer of the deep temporal fascia was incised and dissection was done under this layer (so that the facial nerve could be protected) and the soft tissue envelop elevated from the lateral orbital rim and zygoma. The dissection was carried on to the surface of the nasal bone and down to its distal point and also over the maxilla. Medially, the dissection was carried medially into the orbit, behind the medial canthal ligament without detachment of the ligament, down to the medialinferior orbital wall. The dissection was extended 
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in the lateral orbit until the inferior orbital fissure was clearly seen. The orbital floor was exposed through the transpalpebral incision, connecting the medial and lateral subperiosteal dissections. The midfacial envelop was stretched gently to minimize the forces restricting the midfacial advancement. The Le Fort III osteotomy was initiated laterally as a short and transverse osteotomy at the zygomaticofrontal suture. The body of the zygoma was then cut where it meets the arch. A retractor was used to protect the orbital contents, and the osteotomy was carried intraorbitally from the zygomaticofrontal suture down to the inferior orbital fissure. The osteotomy was then completed on the opposite side. After both lateral osteotomies were completed, the medial osteotomy was performed. The CT scan was reviewed once more to determine the location of the cribriform plate. A transverse osteotomy was undertaken at the nasal base and extended posterior to the medial canthal ligaments and the nasolacrimal groove. Osteotomy of orbital floor was made with a narrow and sharp osteotome. Attention was paid to avoid damage to the infraorbital nerve that runs in the infraorbital groove: a tiny intact bone segment left at the site of the nerve did not affect the midface advancement.
An incision was then made inside of the maxillary tuberosity, lateral to the palatine major neurovascular bundles and foramen. For the osteotomy of the junction of the maxilla and pterygoid plate, a straight chisel was used, because it is easier than the traditional maneuver of dividing the junction from the buccal side using a curved osteotome. The osteotomy then turned anteriorly, along the posterior alveolar base, to a point about 1 cm from the junction of the maxilla and the pterygoid plate. At this point, the osteotomy extended angled medially to the midline of the palate, under the palatal mucoperiosteum. This maneuver might prevent soft-palate advancement that may aggravate palatopharyngeal incompetence.
The Rowe Kiley forceps were placed intranasally and intraorally. The midface was then rocked gently; forced down-fracture or excess movement of the midface was unnecessary.
An anterior upper buccal sulcus incision was made to expose the rim of the pyriform aperture. A hole was drilled outside of the lateral rim of the pyriform aperture, about 5 mm above the level of nasal floor, through the lateral nasal wall, with a thick fissure burr. The traction hook was introduced from the nostril (Fig 2) , and a screw was secured to the end of hook, thus fixing the hook in place. The same manipulation was done on the opposite side. Attention was paid to ensure that the holes were drilled at the same perpendicular height. In the cleft patients, the length of the hook used in the cleft side was 3 mm longer because of the more retrograde maxilla on the affected side.
The wounds were irrigated with antibiotic-containing solution. Lateral canthopexies were done to elevate the lateral aspect of the palpebral aperture. The coronal flap was redraped on the skeleton and closed in standard two-layer technique. Drains were placed under the scalp flap.
Distraction
Three days after Le Fort III osteotomy, the two hooks secured in bone of the pyriform aperture rim were connected with the transverse bar. The face bow was mounted in place, orthodontic elastics were applied, and distraction was begun (Fig 3) . Distraction was initiated with heavy elastics, and once the correct skeletal position was achieved was retained by the application of light elastics until consolidation was complete. In the former, this was done by wearing the appliance 24 hours a day, whereas in the latter, night-time use for 12 to 14 hours a day was all that was necessary.
Wounds were bandaged for 7 days. Perioperative antibiotics were routinely used for 7 days. All patients began a soft diet 24 hours after surgery.
Sutural Distraction
Placement of the distraction device.
The sutural distraction was used for correction in patients ages 6 through 12 years with midfacial hypoplasia. The distraction apparatus is the same as that of osteotomy distraction. The technique of placement of the traction device is the same as that already described. In the noncleft patient, a downward BBDH was used. One bone hole was drilled on each side of the hard palate through the nasal floor. The traction hook was introduced from the nostril by a soft tube into the bone hole. A screw was secured to the end of hook from the oral side. The same manipulation was done on the opposite side. The holes drilled in the hard palate were at the same anterior-posterior level.
One day after surgery, the hooks were connected with the transverse bar, and the face bow and elastics were placed and distraction initiated (Fig 4) . The same protocol of active distraction followed by retention distraction, during which the distraction device could be removed at school time, was used.
The times and forces in both the ODO and SDO patients are shown in Table 2 .
RESULTS
A ll patients had an uneventful recovery, and there was no surgical morbidity. There was no loosening of the bone-borne distraction hooks in any patient during the active and retention phases, and there were no complications to the nasal cavity and maxillary sinus. During the retention phase, all the external devices, including the connecting bar and the face bow, could be removed and remounted easily by the patient. None of patients and families had difficulty following the distraction instructions, and none of the children who wore the distraction device experienced inconvenience or accidental injury. All patients achieved satisfactory face contour and normal occlusal relationship. No open-bite was seen in any patient. The midface advancement in all patients was balanced in both the upper and lower face. The retrograde nose, suborbit, zygoma, maxilla, and cross-bite were all ideally corrected (Figs 5-18 ). The average advancement was 10 mm in the ODO group and 8 mm in the SDO group. No relapse was seen either clinically or skeletally at 6 months or longer. At least 6 months' follow-up showed no relapse. The group of children treated by the technique of SDO may need more time to evaluate subsequent growth.
In both techniques of SDO and ODO, the boneborne traction hooks traverse the anterior-medial corner of the maxillary sinus. No complications of sinus infection, nasal cavity inflammation, bleeding, or fistula were observed in any patient.
DISCUSSION
I n patients born with complete unilateral cleft of the lip and palate, the incidence of subsequent midfacial hypoplasia has been estimated to be 25% to 60%. In the more severely affected children and adults, it may be difficult to advance the maxilla a distance of more than 10 to 12 mm. Even if one managed to do so, the advanced maxilla usually is unstable and tends to relapse. 1, [11] [12] [13] For these reasons, surgeons may compromise, advancing the maxilla and setting back the mandible appropriately, even though the mandible is normal in both size and position or even small and retrognathic. 2 Another disadvantage with traditional orthognathic techniques in the correction of maxillary or midfacial hypoplasia is that the operation must be delayed until the age when skeletal maturity has been reached, leaving the young patient to endure the aesthetic and functional consequences.
The most appropriate procedure for these patients is debatable. Surgeons commonly prefer the Le Fort I, rather than Le Fort III, osteotomy because the former is much easier and safer to perform than the latter. However, in severe midfacial hypoplasia, in our experience, the Le Fort I osteotomy may produce an unharmonious facial profile, with a protruded mouth and still retropositioned zygoma, suborbit, and nose.
Since McCarthy first reported the pioneering work in 1992, 14 the principle of distraction osteogenesis has been rapidly and extensively used in the craniofacial skeleton. The application of distraction techniques in maxillary and midfacial hypoplasia has overcome many difficulties associated with traditional orthognathic approaches. (1) The maxillary complex can be advanced as much as twice the distance offered by the traditional surgical approaches. (2) It is unnecessary to delay the operation until the ages of skeletal maturity; surgical correction can be conducted as early as 5 or 6 years of age, with or without Le Fort osteotomy.
15 (3) There is no need for establishing normal occlusion during the operation, so oral intubation can be chosen. (4) The existing pharyngeal flap needs no special care. (5) With distraction osteogenesis, the Le Fort III osteotomy becomes easier and safer than the traditional technique because it is unnecessary to extensively mobilize the segment a large distance, and there is no need for bone grafts and fixation. The Le Fort III osteotomy allows surgeons to create a more harmonious facial profile in certain patients with severe deformity.
Le Fort III distraction for midface hypoplasia can be performed with both external and internal devices. [5] [6] [7] [8] [9] 15 The apparatus of external distraction usually consists of two main parts: an external framework, either rigid or moveable, and a dental arch appliance. There are several problems with this kind of technique. First, it requires an intact dental arch. Second, the force exerted on the maxilla is too inferior, far from the maximal area of resistance, and may cause rotation during advancement. To eliminate this disadvantage, Polley and Figueroa 6 designed external traction hooks on the base of intraoral appliance. The internal technique may lead to greater injury because of the need of a better exposure and distractor placement. Positioning of the distractor needs to be much more accurate to ensure the bilateral distractors are fixed at the correct position, direction, and level. Inaccurate manipulation may lead to unexpected movement of the bone bloc. 15, 16 In the current technique, bone-borne hooks were designed to draw the bone forward, coinciding with the plane of maximum resistance. [17] [18] [19] This position allows the midfacial skeleton to be protracted balanced without rotation (Fig 19) . The direction of distraction can be adjusted straight-forward or inferioranteriorly. There is no visible scar on the face, and no potential for dental injury. After the initial distraction phase, the face bow and outer part of the bone-borne device can be removed during the day and reinstalled at night by the patient, allowing greater convenience and flexibility with social and school activities.
With use of the face bow and elastics, no undercorrection was seen in our three adult Le Fort III osteotomy patients. All patients gained normal occlusion. The key point to achieving a satisfactory result lies in the osteotomy. Osteotomy should be complete, and the midfacial complex should be appropriately moveable. The maximum forces used in the patients was 3,800 g, which is potentially compromising to the soft tissue of the forehead and chin, and measures should be taken to prevent skin breakdown. Sutural distraction osteogenesis is another kind of technique under the principle of gradual skeletal distraction. The use of SDO arose from orthodontics and has a history of more than 100 years. 20 However, the term ''sutural distraction osteogenesis'' was first proposed by McCarthy in 2000. 21 SDO has been used by orthodontists to advance the retrograde maxillary dental arch and expand the midpalatal suture for correction of a narrow maxillary arch for decays. There are also some reports dealing with other sutures. 21, [46] [47] [48] [49] [50] This traditional management of maxillary advancement commonly uses a face bow or face mask, an intraoral appliance fixed to the dental arch, and elastics. It has little influence on the retrograde maxillary skeleton 51 because of the lower position of the distraction force (Fig 20A) . This situation has been changed by the current technique of sutural distraction (Fig 20B) .
The technique of SDO is the same as the technique of ODO in that both use forces to gradually distract the bone segments bordered upon, inducing new bone formation at the site of their connection. However, there are four additional aspects worth noting: (1) The connection of the bone segments bordering the site of distraction is natural suture in SDO, whereas in ODO, it is newly formed fibrous callus.
(2) With the use of SDO, there is no need for osteotomy, fixation of bone segments, and a latent phase waiting for fibrous callus formation. Thus, it is much simpler and easier to manipulate and much less invasive. ( 3) The suture is, in nature, the growth zone of the craniofacial skeleton, and thus possesses 
Fig 14
The same child with a harmonious facial profile after midfacial sutural distraction.
Fig 15
Occlusion of the child with midfacial hypoplasia, before treatment. a greater potential of bone regeneration during the developmental ages. (4) SDO is suitable only for young patients because of sutural alteration occurs with age. [52] [53] [54] [55] [56] In children, we install only the boneborne device and then distract, observing satisfactory results, harmonious facial contour, and normal occlusion several months later. It is easy to manipulate and less invasive: similar to orthodontic management. In noncleft patients, the downward hook that traverses the bone of the nasal floor can be used with even more ease. Orthodontic protraction in the phase of mixed denture is a routine practice of orthodontics. Its application is usually limited by denture condition. It needs a relative intact denture for fixing the intraoral appliance. It is mainly effective for nonbony or minor-bony hypoplasia, and the management may cause teeth damage. In the current technique, there is no limitation from the dental condition. It effectively expands the bone, and there is no damage to the teeth.
In the end of his textbook, Distraction of Craniofacial Skeleton, Dr. McCarthy writes: ''As one looks to the future, the craniofacial surgeon will obviously be less interventive in the operating room. He will, however, be more involved in the postoperative manipulation of the bony regenerate. He will spend more time in the clinic than in the operating rooms. Bone graft harvesting will become a matter of surgical history and elaborate fixation system will be displayed in museum exhibits. Blood bank will be necessary only for acute trauma cases.'' 44a Treatment of midfacial hypoplasia of the child by the current technique satisfies many of these tenets. Thus, we advocate treating the midfacial hypoplasia at a young age by the technique of sutural distraction osteogenesis, eliminating the need for a Le Fort III osteotomy.
Fig 18
The radiograph showed balanced advancement of the midfacial skeleton after sutural distraction.
Fig 19
The bone-borne hooks were designed to draw the bone forward, coinciding with the plane of maximum resistance. This position allows the osteotomy midfacial skeleton to be advanced balanced without rotation. 
